The beet culture has great economic and food importance in the world, especially with respect to energy generation. In Brazil the culture is still little studied, lacking studies in all stages of production of culture, mainly in the management of fertilization. This study aimed to evaluate the effect of organo-mineral fertilization on growth, gas exchanges and production of beet, cv. Katrina. The experiment was conducted under field conditions in the municipality of Pombal-PB, Brazil, from September to December 2015, in a randomized block design. The treatments were arranged in a 4 x 2 factorial scheme and corresponded to four periods of fermentation of the biofertilizer (10, 20, 30 and 40 days) applied in soils with and without mineral fertilization, with four replicates and 18 plants evaluated per plot. Plants were conducted for 70 days after transplanting, in 15-cm-high, 1-m-wide beds. During this period, plant growth, gas exchanges and production components were evaluated. The application of mineral biofertilizer fermented for 20 to 30 days, associated with mineral fertilization with 36 g m -2 of P 2 O 5 , 18.0 g m -2 of K 2 O and 14 g m -2 of N at planting, promoted better performance of growth, gas exchanges and production of beet plants. In the soil without mineral fertilization, it is recommended to use the longest biofertilizer fermentation periods, 30 to 40 days, for beet cultivation.
INTRODUCTION
Beet (Beta vulgaris L.) is a dicotyledonous plant, belonging to the Chenopodiaceae family, with tuberous, globular-shaped root that develops almost on soil surface, with markedly sweet taste and purple color, which can be used as vegetable, forage or raw material for sugar production, and these latter uses prevail in Europe (SHRESTHA et al., 2010) . Although it is not among the vegetable crops of highest economic value in Brazil, the crop is important in a large number of small properties of the green belts, which have a great diversity of cultivation of vegetables, but with low yield (CORRÊA et al., 2014) .
Considering that crops with tuberous roots, such as beet, respond very well to the application of nutrients when it is correctly performed (SILVA et al., 2012) , the use of organo-mineral fertilization in their cultivation is a strong ally in the search for an increase in production, for adequately supplying their nutritional requirements, improving soil physical, chemical and biological characteristics, besides reducing production costs, due to the lower use of mineral fertilizers (ALVES et al., 2009; SANTOS et al., 2012; GOMES et al., 2015) , making the crop more profitable from the economic point of view.
Among the inputs with potential use in this production system, liquid biofertilizers in the form of simple or enriched microbial-fermented products stand out, due to their quantities of the elements, diversity of mineral nutrients and availability of nutrients through biological activity, which positively help plant growth (ALVES et al., 2009) .
In the literature, there are many studies on the effects of biofertilizers on the growth, gas exchanges and production of various vegetables, such as lettuce (ARAÚJO et al., 2007) , bell pepper (ALVES et al., 2009 ), tomato (GOMES JÚNIOR et al., 2011 ), pumpkin (SANTOS et al., 2012 , melon (VIANA et al., 2013; SANTOS et al., 2014) and gherkin (GOMES et al., 2015) .
Furthermore, for the production of biofertilizers, one must use organic products with or without the addition of minerals that undergo a process of fermentation, which interferes with the availability of nutrients. Thus, the ideal time for the use of biofertilizer may vary according to the nutritional demand of the species to be cultivated and, for the beet crop, it can be defined by studying its growth, gas exchanges and root production with the use of biofertilizers produced with different fermentation periods.
Hence, this study aimed to evaluate the effects of organo-mineral fertilization on the growth, gas exchanges and production of the beet crop, cv. Katrina.
MATERIAL AND METHODS
The study was conducted under field conditions from September to December 2015, at the Center of Sciences and Agri-food Technology of the Federal University of Campina Grande, Campus of Pombal-PB, Brazil (6°46'12'' S; 37°48'7'' W; 184 m). According to Köppen's classification, the local climate is BSw'h', characterized as dry hot semi-arid, with mean annual rainfall of 700 mm, high temperatures, leading to strong evaporation, mean annual temperature of 30.5 °C, with only two well defined climatic seasons along the year, one rainy and the other dry.
The soil of the area was classified as Entisol, with loamy sand texture (coarse sand = 801; silt = 143 and clay = 56 g kg The experiment used the beet cultivar Katrina, which belongs to the Wonder group. Sowing was performed directly onto the beds (seedstarting trays) and, after total emergence, plants were transplanted to the definitive beds. The beds were dimensioned with height of 0.15 m and width and length of 1.0 m. Each bed contained four plant rows, at the spacing of 25 cm between rows and 10 cm between plants in the row, totaling 40 plants per bed. The experimental plot consisted of a 1-m 2 bed and the evaluation area was considered as the area comprehended by the two central rows of the bed, disregarding the plants on each side, totaling 18 plants evaluated in each plot.
The beds initially received organic fertilization with bovine manure, which was previously aged for 30 days, at the proportion of 2 kg m -2 ; its chemical characteristics are shown in Table 1 . The treatments with fertilization received the application of 36 g m -2 of P 2 O 5 and 18.0 g m -2 of K 2 O five days before transplanting the seedlings. Top-dressing fertilization used 14 g m -2 of N, which was split into three equal doses, at 15, 30 and 45 days after emergence, according to Raij et al. (1997) . The biofertilizer was manufactured based on the anaerobic fermentation, performed using 200-L barrels with a hose connected to a transparent plastic bottle with water for the removal of the methane gas produced inside the container, through the fermentation of anaerobic bacteria ( Table 2 ). The biofertilizer was prepared using the following materials: chopped leaves of leguminous species (4 kg), ground grains of corn, bean and rice (1 kg each), Bovine milk (2 L), Sugarcane juice (2 L), Ashes (1 kg), Fresh bovine manure (5 kg) and Borax (1 g). These materials were diluted in water until completing the volume of 200 L of solution, which was fermented for 10, 20, 30 and 40 days, according to each treatment.
The biofertilizers were applied three times, at 15, 30 and 45 days after emergence, according to the treatments. The application was performed using 1 L m -1 of biofertilizer with a concentration of 5%, according to Alves et al. (2004) .
Irrigations were performed using a microsprinkler system, twice a day (morning and afternoon), providing a water depth of approximately 8 mm day -1 , corresponding to the mean daily evapotranspiration of the region. The other cultivation practices, weed control, soil chiseling and pest control, were performed always when necessary. 1128 Growth, gas exchanges and production… OLIVEIRA, H. T. et al. HCl solution and distilled water, respectively), partition, drying in a forced-air oven at 65 ºC for 72 h and weighing on an analytical scale, with values expressed in grams per plant (g plant -1 ).
The obtained data were subjected to analysis of variance by F test. When the evaluated characteristics were significant, regression analysis was applied for the quantitative factor (fermentation), fitting the models based on the significance of the regression coefficients, using the Student's t-test, on determination coefficients and on the biological phenomenon. For the qualitative factor (presence and absence of mineral fertilization), the F test becomes conclusive. All tests were performed at 0.05 probability level using the statistical program SISVAR-ESAL version 5.1 (FERREIRA, 2011).
RESULTS AND DISCUSSION
There was significant difference (p < 0.05) between the treatments with and without the addition of mineral fertilization on the variables plant height (PH), number of leaves (NL), transpiration (E) and stomatal conductance (gs). The highest means occurred in plants cultivated in soil with NPK mineral fertilization, with mean values on the order of 27.08 cm in PH, 6.84 leaves, 4.39 mmol m -2 s -1 of E and 0.22 mmol m -2 s -1 of gs, which were respectively 20%, 23%, 15% and 18% higher than those observed in plants cultivated in soil without mineral fertilization (Table 3) .. Thus, it can be claimed that the mineral fertilization released nutrients satisfactorily, conditioning plants with increased vigor and, consequently, higher growth and gas exchanges. This is confirmed by Catuchi et al. (2012) , who studied the physiological responses of soybean plants under potassium fertilization and water regimes, and observed an increment in stomatal conductance with the increase in the potassium dose. In addition, the improvement in the availability of nutrients contributes to the gas exchanges and growth of the plants (SEDIYAMA et al., 2014; SANTOS et al., 2014; SÁ et al., 2016) . Growth Figure 1A , B, C and D). The highest values of gas exchanges occurred in plants fertilized with biofertilizer fermented for 20 to 30 days, corresponding to the periods with the highest concentrations of nutrients in the input (Table 2) .
NS ,** e * = não significativo, significativo a 1 e 5% (p < 0,01 e p < 0,05) de probabilidade, respectivamente. The results indicate that the fertilization with biofertilizer promotes increase in photosynthetic activity and growth of beet plants, which can be attributed to the improvement in soil physical and chemical properties (ALVES et al., 2009; SANTOS et al., 2012; GOMES et al., 2015) . Similar results were observed by Silva et al. (2010) in lettuce plants under organic fertilization with biofertilizer; these authors observed that the application of the input also stimulated the physiological activity of lettuce plants.
Additionally, the fertilization with biofertilizer fermented for periods shorter than 20 days and longer than 30 days promoted lower activities in the gas exchanges (Figure 1) , a fact attributed to the low availability of nutrients in the biofertilizers fermented for 10 and 40 days, in comparison to those fermented for 20 and 30 days, not providing nutrients to increase the activity of gas exchanges of the beet plants (Table 1) . According to Taiz and Zeiger (2013) , the inadequate supply of essential elements to the plants causes disorders in the metabolic processes, which results in the abnormal functioning of the plants. Thus, it is believed that, at 10 days of fermentation, there was not enough decomposition of the biofertilizer to release nutrients satisfactorily to the plants and, at 40 days, the low concentration of nutrients is probably related to the consumption of the elements by the microorganisms present in the biofertilizer, to increase their population and continue the Growth, gas exchanges and production… OLIVEIRA, H. T. et al. decomposition of the materials with higher C/N ratio. There was significant influence (p < 0.05) of the interaction between the fermentation periods of the biofertilizer applied to the soil with and without NPK fertilization for the variables: tuberous root diameter, tuberous root fresh matter, leaf fresh matter, tuberous root dry matter and leaf dry matter of beet plants, cv. Katrina (Figure 2 A , B, C, D and E)..
NS ,** e * = não significativo, significativo a 1 e 5% (p < 0,01 e p < 0,05) de probabilidade, respectivamente. The highest values of tuberous root diameter, tuberous root fresh matter, leaf fresh matter, tuberous root dry matter and leaf dry matter were observed in the treatments with fertilization, in comparison to that without fertilization. The maximum values were: 5.08 cm of TRD for the Growth, gas exchanges and production… OLIVEIRA, H. T. et al. estimated fermentation period of 27 days; 195.17 g of TRFM for the estimated fermentation period of 28 days; 179.5 g of TRDM for the estimated fermentation period of 26 days; LFM of 27.9 g for the estimated fermentation period of 40 days, and 14.84 g of LDM for the estimated fermentation period of 29 days (Figure 2 A , B, C, D and E).
In the present study, the organo-mineral fertilization in the beet production led to tuberous root with 195.17 g per plant, a result much higher than those observed by Marques et al. (2010) , who evaluated the effect of organic fertilization in the beet production and obtained 88.05 g per plant in the cultivar 'Early Wonder' using the bovine manure dose of 80 t ha Figure 2C ). The behavior observed in the present study may be related to the higher availability of nutrients in the biofertilizer under the longest fermentation period, since these treatments did not receive mineral fertilization with NPK. However, there was lower root diameter with the increase in the biofertilizer fermentation period. Thus, considering that there was increase in fresh and dry matter of the tuberous root in the absence of mineral fertilization, the plant must have prioritized its growth in length in detriment of diameter, in order to search for nutrients in the soil (Figure 2 A, B and D) .
These results demonstrate that organomineral fertilization, relative to the combination of biofertilizer and NPK mineral fertilizer, is able to adequately meet the nutritional requirements of the beet crop, promoting improvements in photosynthetic activity, growth and production of this crop, in comparison to plants cultivated under fertilization with only biofertilizer. Similar results, with organo-mineral fertilization enhancing growth, gas exchanges and production, have also been observed in vegetables such as bell pepper (ARAÚJO et al., 2007) , lettuce (ALVES et al., 2009) , tomato (GOMES JÚNIOR et al., 2011) , pumpkin (SANTOS et al., 2012) , melon (VIANA et al., 2013; SANTOS et al., 2014) and gherkin (GOMES et al., 2015) .
CONCLUSIONS
The organo-mineral fertilization with biofertilizer fermented for the period of 20 to 30 days, associated with mineral fertilization with 36 g m -2 of P 2 O 5 , 18.0 g m -2 of K 2 O and 14 g m -2 of N at planting, promoted better performance in growth and gas exchanges and higher production of the beet crop.
In the soil without mineral fertilization, it is recommended to use the longest biofertilizer fermentation periods, from 30 to 40 days, for beet cultivation.
RESUMO:
A cultura da beterraba tem grande importância econômica e alimentar no mundo, especialmente no
